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^ . ABSTRACT 

We perform a detailed study of the constraints from 6 —> 57 on a large class of super- 
Qh! gravity models, including generic four-parameter supergravity models, the minimal 

\ SU{5) supergravity model, and SU{5) x f/(l) supergravity. For each point in the pa- 

rameter spaces of these models we obtain a range oi B{h ^ 37) values which should 
conservatively account for the unknown next-to-leading-order QCD corrections. We 
then classify these points into three categories: "excluded" points have ranges of 
5^ i B{h ^ 57) which do not overlap with the experimentally allowed range, "preferred" 

points have B{b —>■ 37) ranges which overlap with the Standard Model prediction, 
and "Ok" points are neither "excluded" nor "preferred" but may become "excluded" 
should new CLEO data be consistent with the Standard Model prediction. In all 
cases we observe a strong tendency for the "preferred" points towards one sign of the 
Higgs mixing parameter fi. For the opposite sign of /i there is an upper bound on 
tan/3: tan/? ^ 25 in general, and tan/? ^ 6 for the "preferred" points. We conclude 
that new CLEO data will provide a decisive test of supergravity models. 
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1 Introduction 



Following the precise verification of the unification of the gauge couplings in su- 
pergravity unified models [|1|, there has been a rekindling of interest in low-energy 
supersymmetric models and their experimental consequences. Supersymmetry can 
be tested in high-energy collider experiments through the direct production of su- 
persymmetric particles, and in dedicated low-energy experiments through the precise 
measurement of rare Standard Model loop-level processes. Because of the large en- 
ergies required to produce real supersymmetric particles, high-precision experiments 
are likely to explore the parameter space of supersymmetric models in a much deeper 
although indirect way for some time to come. In the context of 5-physics, and the 
6 — >• S7 process in particular, there appear to be great prospects for a thorough study 
of this mode at the upgraded CLEO/CESR facihty and at planned _B-factories at 
SLAC and KEK. 

At present there is an experimental upper bound B{b 57) < 5.4 x 10~^, 
and the observation of the B — > K*'y process imposes a conservative lower bound 
B{b sj) > 0.6 X 10~^ 0. More precise measurements are expected to be announced 
soon. Despite the availability of precise experimental data, the large and only 
partially calculated 0] QCD corrections to this process make it unclear ||, |^, |^ that 
one can use the data effectively to test the Standard Model or constrain models of 
new physics. Nonetheless, two alternatives appear possible: either the data deviate 
greatly from the Standard Model prediction or the data agree well with the Standard 
Model prediction. Since supersymmetric models predict a wide range of & ^ S7 rates 
(above and below the Standard Model prediction) g, g, 0, |n|, 0, [TB|, g |T3|, |T§ in 
either case important restrictions on the parameter space will follow. 

Generic low-energy supersymmetric models, like the Minimal Supersymmet- 
ric Standard Model (MSSM), are plagued by a large number of parameters (at least 
twenty), whose arbitrary tuning allows a wide range of possible experimental pre- 
dictions. This fact has discouraged many experimentalists, since any experimental 
limit would appear to be always avoidable by suitable tuning of the many parame- 
ters. These many-parameter models lack theoretical motivation, whereas theoretically 
well-motivated supersymmetric models have invariably much fewer parameters and 
can be straightforwardly falsified. In this context we consider unified supergravity 
models with universal soft supersymmetry breaking and radiative electroweak sym- 
metry breaking, thus restricting the number of parameters to four. To sharpen the 
predictions even more, we also consider string-inspired no-scale SU{5) x f/(l) su- 
pergravity, which can be described in terms of two parameters, or even only one 
parameter in its strict version. 

Calculations of B{b S7) in supergravity models have been performed in 
Refs. [|, |TT], |T^, ^ under various assumptions, such as radiative electroweak 



breaking using the tree- level Higgs potential P, III, ITB|, or imposing relations among 



the supersymmetry breaking parameters (such as B = A — 1 [^, |T^, |T3|, ^ , 01 B = 2 
| ]16|| , or mo = A = []TT|). In this paper we revisit the B{b —>■ sj) calculation in string- 
inspired no-scale SU{5) x U{1) supergravity and in the minimal SU{5) supergravity 
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model. For a direct comparison with other possible supergravity models, we extend 
our calculations to a large class of generic four-parameter supergravity models. 

It is found that B{b — > sj) can be enhanced in supersymmetric models in the 
presence of light sparticles, and more importantly for large values of the ratio of Higgs 
vacuum expectation values (tan/5). Indeed, large values of tan/3 enhance the down- 
type quark and charged lepton Yukawa couplings, in particular A;, oc 1/ cos (3 ~ tan P 
for large tan /3. (An analogous effect also enhances the supersymmetric contribution 
to the anomalous magnetic moment of the muon, through a large muon Yukawa 
coupling [|l7l-) We find that when the various decay amplitudes have the same sign, 
this enhancement results in new upper bounds on tan (3, assuming a supersymmetric 
spectrum below the TeV scale. 

This paper is organized as follows. In section ^ we describe briefly the models 
under study. In section |^ we discuss the expression used to calculate 5(6 57) and 
the various uncertainties involved. In section ^ we present and discuss our results, 
and obtain new upper bounds on tan/3 using the present experimentally allowed 
range. We also delineate the regions of parameter space which are consistent with 
the Standard Model prediction, and explore the mrdependence of our results. These 
show a strong preference for one sign of the Higgs mixing parameter /j,. Finally in 
section ^ we summarize our conclusions. 



2 The supergravity models 

We consider unified supergravity models with universal soft supersymmetry breaking 
and radiative breaking of the electroweak symmetry. At the unification scale the 
models are described by four soft-supersymmetry-breaking parameters: the universal 
gaugino mass {mi/2), the universal scalar mass (mo), the universal trilinear scalar 
coupling (A), and the bilinear scalar coupling (B); and by four superpotential cou- 
plings: the Higgs mixing parameter n, and the third-generation Yukawa couplings 
(At, Aft, At-). At low energies there also arises the ratio of Higgs vacuum expectation 
values (tan/3). The renormalization group equations connect the values of the pa- 
rameters at the low- and high-energy scales. These nine parameters reduce to five 
by the imposition of a good minimum of the one-loop effective Higgs potential at the 
electroweak scale (one condition for each of the two real scalar Higgs fields; and 
B are determined), and by trading the set (At, A;,, At, tan /3) for (mt, mf,, m,-, tan/?) 
and using the known values of rrib and rrir. Once the five independent parameters 
(mi/2, mo, A, mt, tan/3) are specified, one can obtain the whole low-energy spectrum 
and enforce all the known bounds on sparticle and Higgs-boson masses. We note that 
unlike Refs. M, O, IT5|, O], we do not impose the additional restriction B = A — 1 at 



the unification scale. For recent reviews of this procedure see e.g., Ref. [ P^ . 

For a fixed value of the top-quark mass, we therefore have a family of four- 
parameter supersymmetric models. We further specify this set as (m^±, ^o, (,a, tan /3), 
where m^± oc mi/2 and we have defined ^0 = and = ^/''«i/2- This 

type of ratios of soft-supersymmetry-breaking parameters occur naturally in various 
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string-inspired supersymmetry breaking scenarios (see below). In what follows we 
consider continuous values of m ± and a grid of values for the other three parameters: 
tan /3 = 2 — 40 (in steps of 2); = 0, 1, 2, 5, 10; C,a = 0, +^0) — ^o- For reference, the 
average squark mass is related to the gluino mass as follows: rriq ^ (772^/2.9)^6+"^, 



I.e., 777, 



q 



(0.8, 0.9, 1.1, 1.9, 3.6)7773 for ^0 = 0, 1, 2, 5, 10. 



Within this class of four-parameter models we also consider the minimal SU (5) 
supergravity model, where one finds two additional constraints: a sufficiently long 
proton lifetime and a sufficiently small neutralino relic density |2^. In what 



follows, the proton lifetime has been calculated assuming that the Higgs-triplet mass 
does not exceed ten times the unification scale (which implies tan /3 ^ 10 and ^0 ~ 4). 
These combined constraints restrict the parameter space to 777^± ^ 120 GeV and 
rUg ^ 400 GeV. 

An even more predictive class of supersymmetric models is obtained by con- 



sidering no-scale SU{5) x U{1) supergravity |2T[]. In this case unification occurs at the 
string scale Mstring ~ 10^* GeV, and one assumes string-inspired relations among the 
soft-supersymmetry-breaking parameters resulting in two scenarios: (i) the moduli 
scenario with mo = A = and (ii) the dilaton scenario with itlq = -^1711/2, 

A = — mi/2 In either case one obtains two-parameter models {m^±, tan f3). 



These two scenarios have been studied in detail in Refs. [25, 26 1 respectively. One 
finds that the proton decay and cosmological constraints are satisfied automatically 
in both scenarios. We also consider a "strict" version of these scenarios, where the 
parameter B at the unification scale is also specified: (i) B{Mjj) = (moduli scenario 
or "strict no-scale"), and (ii) B{Mu) = 2mo (dilaton scenario or "special dilaton"). 
The specification of B{Mu) allows one to determine tan/3: tan/3 = tan/3(m^±), i.e., 
one obtains one-parameter models. Moreover, the sign of /i is restricted to be negative 
in both these cases.Q 

In our calculations we have taken the "running" top-quark mass to be rrit = 
mt{mt) = 150 GeV. (In section [4.4| we comment on the m^-dependence of our results.) 



This parameter is related to the experimentally observable "pole" mass by P? 



where 



^ IT \ TT 



i^t = 16.11 - 1.04 ^ (1-^)^11. (2) 



mq. <mt 

Thus we obtain m^"^'^ ^ l.OTm^, and our choice ?77t = 150 GeV corresponds to mf"'^ = 
160 GeV, which is in good agreement with the latest fit to all data rrit = 162 ± 9 GeV 



28 



^In the "strict no-scale" case both signs of /i are in principle allowed. However, /i > can occur 
only for mt ^ 135 GeV which appears quite disfavored by the latest experimental information on 
the top-quark mass. 
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When large values of tan (3 are allowed, we also consider the constraints from 
the anomalous magnetic moment of the muon. This constraint is not as restrictive 
as that from 5(6 57), but nonetheless can exclude additional points in parameter 
space for /i < 0. Also, in the generic four-parameter models, the cosmological con- 
straint of a not-too-large neutralino relic density becomes quite restrictive for ^0 ~ 2 
and not-too-large values of tan P . This constraint is also imposed below. 

In what follows we will present our results in a way that makes apparent the 
impact of B{b sj) on the parameter space, irrespective of any additional applicable 
constraints, and also when all constraints are combined. 



3 Formula and uncertainties 



We use the following leading-order (LO) expression for the branching ratio [|T0 



B{h cev) 



6a 




2 1 


TT 


Kb 


2 


g{mjmb) 



V 



16/23^^ ^ 1(^14/23 _ ^16/23)^^ ^ ^ ^ ^ (3) 



where rj = as{Mz)/as{Q), g is the phase-space factor g{x) = 1 — Sx'^ + 8x^ — x^ — 
24a;^lna;, C = C{Q) is a QCD correction factor, and Q is the renormalization scale. 
The A^, Ag are the coefficients of the effective 657 and bsg penguin operators evaluated 
at the scale Mz- These coefficients receive five contributions from: the t — 
loop, the t — loop, the X1.2 ~ ^1,2 (the "chargino" contribution), the g — q loop 
(the "gluino" contribution), and the x? — 9^ loop (the "neutralino" contribution). The 
gluino and neutralino contributions are much smaller than the chargino contribution 



[^, [T5[ and are neglected in the following. In fact, it is when the chargino contribution 
becomes large (for light sparticles and large tan/?) that B{h 57) can greatly deviate 
from the Standard Model result. As only the top-squarks (^1,2) are significantly 
split, in the chargino contribution we ignore the other squark splittings. The top- 
squark splitting affects the magnitude of the chargino contribution, and for fixed nit 
it depends mostly on the parameter A (or at low energies on At). Expressions for 
A^ , Ag can be found in Ref. |TD[. 



As is, this expression for B{b S7) is subject to partially unknown next-to- 
leading-order (NLO) QCD corrections. It has been recently shown |P, ^ that the 
magnitude of the NLO corrections can be estimated by allowing the renormalization 
scale Q to vary between mb/2 and 2mi,. A complete NLO calculation would yield and 
expression with a much milder Q dependence, with the expectation that the NLO 
value for B{b ^ 57) would be obtained from the LO expression for a choice of Q in the 
nil,/ 2 2mfc interval. Therefore, in what follows we use the LO expression in Eq. (^) 
and obtain a range of values for each point in parameter space by taking nif,/2 < 
Q < 2mi), with rrih = 4.65 GeV. Consistent with this procedure we use the one-loop 

^In Eq. (H) we have removed from the denominator the QCD correction factor for the semileptonic 
decay that was used in our previous analyses [pl| . This factor has to be removed in order to obtain 
a true LO expression, without any NLO contributions. 
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approximation to the running of the strong couphng, i.e., rj = as{Mz) / as{Q) = 
1 - {22/3){as{Mz)/2n)ln{Mz/Q) (we take ^.(M^) = 0.120). In evaluating Eq. (|) 
we also take \V*Vtb\'^ / \Vcb\'^ = 0.95 ± 0.04, mjmb = 0.316 ± 0.013, and B{b 
cez7) = 10.7% 0. Finally C = C{Q) = ELi^i^'^N with the bi,di coefficients given 
in Ref. P|. For Q = mb/2, mf,, 2mb we obtain r] = 0.486,0.583,0.680 and C = 



—0.208, —0.160, —0.117. Following the above procedure, but keeping only the t — 
contribution to A^, Ag we obtain the following range for the Standard Model 
contribution 

s7)sM = (1.97-3.10) X 10"^ (4) 

The above discussion of QCD corrections implicitly assumes that only two 
mass scales are involved in the problem: the high electroweak scale and the low b- 
quark mass scale. In practice the supersymmetric particles have a spectrum that can 
be spread above or below the electroweak scale. Recently there has appeared the 
first study of QCD corrections to 5(6 — >■ sj) in the supersymmetric case [^, which 
shows that the running from the electroweak scale down to the 6-quark mass scale 
gives the largest QCD correction. However, a proper treatment of the supersymmetric 
spectrum at the high scale may produce non-negligible effects. We hope that the scale 
uncertainty that we have introduced above is large enough to effectively encompass 
the supersymmetric high scale uncertainty as well. 



4 Results and discussion 

We now present the results of the calculations of 5(6 — > S7) for the various supergrav- 
ity models under consideration. We start by revisiting the results in SU{5) x U{1) 
supergravity and the minimal SU{5) supergravity model, and then extend our calcu- 
lations to the generic four-parameter models described in section ^ 

4.1 SU(5)xU(l) supergravity 

The calculated values of 5(6 — * sj) in the moduli and dilaton scenarios are shown in 
Fig. ID and Fig. || respectively, for selected values of tan/3; consistency of the model 
entails an upper limit of tan /3 ^ 26 (40) in the moduli (dilaton) scenario. In these and 
other figures showing values of 5(6 —>■ 57) we take Q = rrib as a "central" value. The 
full uncertainty range is considered when discussing whether given points in parameter 
space are excluded or not. In Figs. |l],^ the arrows point into the experimentally 
allowed region and the dashed lines ("SM") delimit the Standard Model prediction. 
For yU > the values of 5(6 — > 57) increase steadily with increasing tan/3 and 
eventually fall outside the experimentally allowed region for all values of tTi^±. (The 
largest values of m^± shown correspond to rriq, nig ^ 1 TeV.) 

For fi < the tan /3- dependence is different. One sees that 5(6 57) can be 
suppressed much below the Standard Model result. This behavior was ffist noticed in 
Ref. [|TT|] and simply shows that the various amplitudes and QCD correction factors 
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in Eq. conspire to produce a cancellation. This phenomenon has been since 
explained in Refs. ||12|, [1^. The idea is that the chargino contribution to can have 
the same sign (negative) or opposite sign (positive) compared to the t — and 
t — contributions which are always negative. In fact, the sign of the chargino 
contribution is determined by the product positive for 9^fi < and negative for 
Of:^ > |12[-Q Here 6j: is the top-squark mixing angle, 6^: ^ n/A in this approximation 



to the chargino contribution Therefore, constructive interference occurs for 

/i > and destructive interference occurs for /i < 0, as evident in Figs. Fig. |] 
also shows that despite the destructive interference, for /x < and sufficiently large 
values of tan/5, an enhancement can occur for light chargino masses because the 
chargino contribution overwhelms the other two contributions. 

To better appreciate the impact of the present experimental limit on B{b 
57), we classify points in parameter space into three categories: 

• Excluded points have B{b ^ 57) ranges which do not overlap with the present 
experimental allowed range {i. e., (0.6—5.4) x 10"'^). This conservative constraint 
(i.e., use of theoretical ranges rather than central values) is imposed so that our 
excluded points are not dependent on presently unknown NLO QCD corrections. 

• Preferred points have B{b ^ 57) ranges which overlap with the Standard Model 
range {i.e., (1.97-3.10) x 10^^). 

• Ok points are neither "excluded" nor "preferred" , and may become "excluded" 
if new CLEO data are consistent with the Standard Model prediction. 

The two-dimensional parameter spaces for the moduli and dilaton scenarios are shown 
in Figs. 1^ and H respectively. In these figures crosses (' x ') represent "excluded" points, 
diamonds ('o') represent "preferred" points, and dots ('■') represent "Ok" points. The 
vertical dashed line at m^± = 100 GeV in these and following parameter space plots 

Al 

indicates the approximate reach of LEPII for chargino masses. As anticipated, there 
are many "excluded" points for /i > 0, especially as tan/3 gets large. Also, the 
"preferred" points occur largely for fi < 0, signalling the ability of the B{b —>■ 57) 
constraint to possibly select the sign of fi. 

For sufficiently large values of tan/3, the anomalous magnetic moment of the 
muon {g — 2)^ can be constraining as well. We have calculated this quantity as in 
Ref. [|1^ and denote excluded points {i.e., points for which ^{g — S)^*^*^^ falls outside 
the experimentally allowed range of —13.2 x 10~^ — > 20.8 x 10~^ [|1^) by plusses ('+') 
in Figs. 0,^. We have only shown these excluded points for /i < 0, since for yU > 
the {g — 2)f^ constraint does not exclude any points which are not excluded by the 
B{b S7) constraint. The effect of this constraint is most noticeable in the dilaton 
scenario (Fig. ^) where "preferred" points which are thusly excluded appear as the 
overlap of a plus sign and a clear diamond {i.e., "filled" diamonds) for tan/3 = 10 — 32 
and m^± ^ 100 GeV. Points excluded by both B{b ^ 57) and {g — 2)^ appear as the 
overlap of a plus sign and a cross, i.e., as asterisks ('*')■ 

■^Our sign convention for fi is opposite to that in Ref. [n2|, but the same as that in Ref. |16|. 
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Overall, the B{b s-y) constraint is quite restrictive. Statistically we have 
the following distribution of fractions of parameter space: 





Moduli 


Dilaton 




/i > 


/i < 


/i > 


/i < 


Excluded 


48% 


7% 


73% 


21% 


Preferred 


9% 


66% 


6% 


33% 


Ok 


43% 


27% 


21% 


46% 



Note that should the new CLEO data be consistent with the Standard Model predic- 
tion, then only the "preferred" points would survive. For /i > this is 9 (6)% of all 
the points in parameter space in the moduli (dilaton) scenario, whereas for /i < one 
would still have | (|) of the points allowed - an overwhelming inclination towards 
fi<0. 

From Figs. one can also see that for yU < there is an upper bound on 
tan /?: tan (3 ^ 25. For the subset of "preferred" points this bound drops to tan /3 ^ 6. 
We should add that these bounds can be evaded by demanding sufficiently heavy 
sparticles (in the multi-TeV range), but then supersymmetry would lose most of its 
motivation. There are no analogous bounds for /i < 0. 

Note that the "preferred" points for /i > entail a supersymmetric spectrum 
inaccessible to direct searches at LEPII {i.e., m^± ^ 150 GeV, nig ^ mq ^ 500 GeV). 
In contrast, some of the "preferred" points for < would be directly accessible at 
LEPII. 

In the strict no-scale case, the one-parameter models allow one to plot B{h — >■ 
S7) as a function of m^± only. These values are shown in Fig. ^. Since in both cases 
/i < 0, the plots are reminiscent of the < plots in the general moduli and dilaton 
scenarios. In Fig. ^ we show the corresponding one-dimensional parameter spaces, 
where one can see that in the dilaton scenario there are no excluded points. The 
constraint from — is ineffective in the dilaton scenario and does not exclude any 
further points in the moduli scenario. Figure ^ shows the interest of working with a 
theory where all predictions are given in terms of only one parameter. For example, 
a measurement of m^± would immediately determine tan (3. Also, if it is found that 
2 ^ tan/3 ^ 12 or tan/? ^ 19 are preferred, then this one-parameter theory should 
be abandoned. 

4.2 Minimal SU(5) supergravity 

As described in section |], in the case of the minimal SU (5) supergravity model we 
constrain the four- dimensional parameter space by the requirements of proton decay 
and cosmology. These entail tan /3 ^ 10 and ,^0 ~ 4. In Fig. |^ we show the calculated 
central values of B{h — > 57) in this case. Because the values of tan/5 are not allowed 
to be large we do not expect large deviations from the Standard Model prediction, 
as seen in the figure. Nonetheless, there are deviations, especially for yU > 0. Given 
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the uncertainties in the calculation of B{b —>■ sj) described in section ^ we find no 
"excluded" points, and the following distribution of fractions of parameter space: 





Minimal SU(5) 




fi>0 


/i < 


Excluded 


0% 


0% 


Preferred 


11% 


93% 


Ok 


89% 


7% 



Again we see a strong tendency among the "preferred" points towards /i < 0. More- 
over, for /i > (/i < 0) "preferred" points exist only for tan /? ^ 4 (8). 



4.3 Generic supergravity models 

For completeness we now turn to the generic four-parameter supergravity models. 
These models could be viewed as essentially SU{5) supergravity models where the 
constraint from proton decay is simply ignored (the cosmological constraint is not 
neglected). In the spirit of Ref. we consider these models to see if 6 ^ 57 
could shed some light on the structure of the soft supersymmetry breaking sector in 
supergravity or superstring models. As mentioned in section ^, we have considered 
continuous values of m^± and a grid of values for the other three parameters: tan 3 = 
2 — 40 (in steps of 2); ^0 = 0,1,2,5,10; = 0, +^0) "~'Co- We will concentrate on 
^0 = 1,2 since the SU{5) x U{1) scenarios correspond approximately to ^0 = 0, 
and larger values of ^0 lead to increasingly heavier sparticle masses. We will comment 
on the ^0 = 5, 10 cases later. In Figs. we show B{b — > 57) for ^0 = 1 and 2 
respectively, for representative values of tan (3. These curves are for = 0. The 
effect of different choices for C,a is shown by the dotted lines in these figures (for the 
same tan/3 = 20 and ^0 choice): C,a < enhances B{h ^ 57) since negative A values 
drive At at low energies to even more negative values and thus larger ti 2 splittings. 
Increasing ^0 from 1 to 2 has the expected effect of decreasing B{b —>■ 57). 

For fixed values of ^0 and ^a we can plot the parameter space in the {rn^± , tan /?) 
plane, as was done in the SU{5) x f/(l) supergravity case. The points in parame- 
ter space are again classified into "excluded", "preferred", and "Ok" as discussed in 
section These plots for ^0 = 1; 2 and ^a = 0, -|-^0) are shown in Figs. p!0| , p . 



For ^0 = 1 the — constraint excludes additional points in parameter space 
for /i < 0. These appear as filled diamonds and plusses ('-l-') in Fig. The effect 
of ^A discussed above is also evident in this figure, i.e., for = — 1 one sees that 
B{h — > S7) is enhanced. The island of "preferred" points for /i < 0, m^± ^ 100 GeV 
and not-so-small values of tan (3 corresponds to the curves in Fig. ^ which "bounce 
back" for light chargino masses. Note that most of these points are in fact excluded 
by the {g — 2)^ constraint. The cosmological constraint is unrestrictive for ^0 = 1- 

For ^0 = 2 the {g — 2)^ constraint does not exclude any points in parameter 
space which are not also excluded by the B{b —>■ sj) constraint. However, the cosmo- 
logical constraint becomes important and excludes points denoted by filled diamonds 
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and plusses in Fig. [11]. Note that this constraint excludes most (if not all) of the (few) 
"preferred" points for /i > 0. The right boundary of the parameter space corresponds 
to the squarks at 1 TeV. The position of this boundary as a function of m^± depends 
on Ca because A affects the calculation of u, which in turn affects the value of m+. 

In analogy with the discussion for the previous models, statistically we have 
the following distribution of fractions of parameter space (excluding the cosmological 
constraint): 





^0 = 1 


eo = 2 






/i < 


> 


/i < 


u 


+1 -1 


+1 -1 


+2 -2 


+2 -2 


Excluded 
Preferred 
Ok 


70% 74% 76% 
4% 4% 4% 
26% 22% 20% 


12% 15% 20% 
53% 43% 36% 
35% 43% 44% 


62% 72% 78% 
7% 6% 5% 
31% 23% 17% 


9% 17% 27% 
51% 36% 29% 
40% 47% 44% 



In this case we again see the marked tendency of the "preferred" points for /i < 0, i.e., 
only few percent of the points for /i > are "preferred". Including the cosmological 
constraint makes this tendency even more pronounced. From Figs. p!0|JTT| we also 
notice the upper bound on tan /? for > 0: tan /3 ^ 25 in general and tan /3 ^ 6 for 
the "preferred" points. 

For ^0 = 5, 10 the parameter space is generally quite limited in the tan (3 
direction, i.e., tan/5 ^ 4(2) for = 5(10). Higher values of tan/3 are inconsistent 
with radiative electroweak symmetry breaking. Using the tree-level scalar potential 
such values of tan (3 give /x^ < 0. In our calculations (using the one-loop effective 
potential) no minimum can be found. This limitation on tan (3 can be circumvented 
for sufficiently negative values of ^a-i ^-9-, Ca = —5 (—10) for = 5(10). In any 
event, the qualitative results obtained above for the strong tendency of the "preferred" 
points towards /i < 0, holds also for large values of ^o- The cosmological constraint 
exacerbates this tendency. For = 10 basically all points in parameter space for 
/i > are excluded; for < a few survive. 



4.4 rrit dependence 

Our calculations above have been performed for a fixed value of rrit. Given the 
present uncertainty on the actual value of rrit, it is appropriate to explore the rrit 
dependence of our results. In the Standard Model we obtain the following LO ranges 
for B{b^ 57) SM 



mt 


= 130 GeV, 


B{b- 


S7)sM = 


(1.77- 


2.89) 


X 


10" 


-4 


rrtt 


= 150 GeV, 


B{b- 


Sl)sM = 


(1.97- 


3.10) 


X 


10" 


-4 


mt 


= 170 GeV, 


B{h- 


S7)sM = 


(2.15- 


3.28) 


X 


10" 


-4 


mt 


= 190 GeV, 


B{b- 


S7)sM = 


(2.31 - 


3.44) 


X 


10" 


-4 
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These results indicate that a measurement oi B(h ^ 57) will not give new information 
on nit (since all intervals overlap), at least at the LO level. A NLO calculation would 
be most useful in this regard. 

We have also re-done the calculation of B{h 57) in SU{5) x f/(l) super- 
gravity for various values of m^. As expected, the nit dependence is weak. To better 
quantify this statement, as a function of mt we have determined the fractions of 
parameter space which are "preferred": 





Moduli 


Dilaton 


nit 


/i > 


fi<0 


fi>0 


/i < 


150 


9% 


66% 


6% 


33% 


160 


8% 


66% 


5% 


32% 


170 


8% 


66% 


4% 


31% 


180 


2% 


67% 


1% 


28% 



Except for nit = 180 GeV, the fractions of parameter space which are "preferred" are 
largely mt independent. The increased sensitivity for large values of mt is interest- 
ing, although not very useful since for mt ^ 190 GeV the allowed parameter space 
disappears because of the well known phenomenon of the top-quark Yukawa coupling 
encountering a Landau pole below the unification scale. 



5 Conclusions 

We have explored a variety of supergravity models with universal soft supersymme- 
try breaking at the unification scale and radiative electroweak symmetry breaking. 
Accounting for the inherent uncertainties in the B{b —>■ sj) evaluation, we have 
nonetheless been able to exclude a good fraction of points in parameter space which 
differ significantly from the experimentally allowed range. We have also identified 
"preferred" regions of parameter space which would be singled out should the new 
CLEO data be consistent with the Standard Model prediction. These "preferred" 
regions occur mostly for one sign of /i(< 0) (when the chargino contribution has op- 
posite sign relative to the Standard Model contribution). For the other sign of /i(> 0) 
one can obtain upper bounds on tan (3 assuming a sparticle spectrum below the TeV 
scale. 

It is worth noticing that constraints from 6 57 disfavor the large-tan /5 
solution to the unification of the Yukawa couplings (At = At) in SU{5)-\ike 
theories (although those are already disfavored by proton decay constraints). In the 
case of 5'O(10)-like Yukawa unification (A^ = Xb = A^), one requires tan/3 = 0(50) 



32 1, which are also disfavored by 6 — 57 constraints. However, in this case radiative 



electroweak symmetry breaking is also difficult and it has been suggested ||3^ that 
non-universal soft supersymmetry breaking scenarios may be able to solve both these 
difficulties. 

At the moment the 6 — *■ 57 constraint is the most important constraint on 
the parameter spaces of supergravity models. This standing is expected to be much 
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re-enforced when the new CLEO data are announced. At this time it will become 
quite appropriate to re-examine the phenomenological implications of the still-allowed 
points in parameter space for direct and indirect searches of supersymmetric particles. 
We close by remarking that contrary to direct production experiments, the 6 — 57 
process can already explore regions of parameter space with "virtual" mass scales all 
the way up to the TeV scale. 
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Figure 1: The calculated "central" values of B{b 57) in no-scale SU{5) x f/(l) 
supergravity - moduli scenario, for representative values of tan (3. The arrows point 
into the experimentally allowed region. The dashed hnes delimit the Standard Model 
range. 
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Figure 2: The calculated "central" values of B{b 57) in no-scale SU{5) x f/(l) 
supergravity - dilaton scenario, for representative values of tan /?. The arrows point 
into the experimentally allowed region. The dashed hnes delimit the Standard Model 
range. 
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Figure 3: The two-dimensional parameter space of no-scale SU (5) x C/(l) supergravity 
- moduli scenario. Points excluded by B{b — > 57) are denoted by crosses ('x'), those 
consistent with the Standard Model prediction are denoted by diamonds ('o'), and 
the rest are denoted by dots ('■'). Plusses ('+') indicate points excluded by {g — 2)^, 
whereas asterisks ('*') indicate points excluded by both constraints. 
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Figure 4: The two-dimensional parameter space of no-scale SU (5) x U{1) supergravity 
- dilaton scenario. Points excluded by B{b — > sj) are denoted by crosses ('x'), 
those consistent with the Standard Model prediction are denoted by diamonds ('o'), 
and the rest are denoted by dots ('■'). Filled diamonds and plusses ('+') indicate 
points excluded by {g — 2)^, whereas asterisks ('*') indicate points excluded by both 
constraints. 
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Figure 5: The calculated "central" values of S(6 — > 57) in strict no-scale SU (5) x C/(l) 
supergravity - moduli and dilaton scenarios. The arrows point into the experimentally 
allowed region. The dashed lines delimit the Standard Model range. 
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Figure 6: The one-dimensional parameter space of strict no-scale SU (5) xU{l) super- 
gravity - moduli and dilaton scenarios. Points excluded by 5(6 — > 57) are denoted 
by crosses ('x'), those consistent with the Standard Model prediction are denoted by 
diamonds ('o'), and the rest are denoted by dots ('•'). 
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Figure 7: The calculated "central" values of B{b 57) in the minimal SU{5) su- 
pergravity model. The constraints from proton decay and cosmology restrict the 
parameter space as indicated. The arrows point into the experimentally allowed re- 
gion. The dashed hnes delimit the Standard Model range. 
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Figure 8: The calculated "central" values of B{b 57) in the generic super gravity 
model for ^0 = 1 and — 0, for representative values of tan p. The dotted curve 
above (below) the tan/3 = 20 curve for > corresponds to = —1 (+!)• The 
arrows point into the experimentally allowed region. The dashed lines delimit the 
Standard Model range. 
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Figure 9: The calculated "central" values of B{b 57) in the generic super gravity 
model for ^0 = 2 and — 0, for representative values of tan p. The dotted curve 
above (below) the tan/3 = 20 curve for > corresponds to = ~2(+2). The 
arrows point into the experimentally allowed region. The dashed lines delimit the 
Standard Model range. 
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(a) 



Figure 10: The parameter space of the generic supergravity model for = 1 and 
(a) — 0, (b) — +1, and (c) ^a — —1- Points excluded by B{b sj) are 
denoted by crosses ('x'), those consistent with the Standard Model prediction are 
denoted by diamonds ('o'), and the rest are denoted by dots ('■'). Filled diamonds 
and plusses ('+') indicate points excluded by (gi — 2)^, whereas asterisks ('*') indicate 
points excluded by both constraints. 



23 



(c) 



(a) 



Figure 11: The parameter space of the generic supergravity model for = 2 and (a) 

= 0, (b) = +2, and (c) = —2. Points cxchided by B{b — > 57) arc denoted 
by crosses ('x'), those consistent with the Standard Model prediction are denoted by 
diamonds ('o'), and the rest are denoted by dots ('■'). Filled diamonds and plusses 
('+') indicate points excluded by the cosmological constraint, whereas asterisks ('*') 
indicate points excluded by both constraints. At the right boundary of the parameter 
space the squark masses reach 1 TeV. 
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(c) 



